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A delay estimation method and a receiver in a radio System. 
Signals originate from one or several transmitters and propa 
gate along Several paths. One path (73–77) is selected at a 
time for estimation. The least Squares minimization between 
the received Signal and the code bank model is Solved path 
by path (73-77) and delay by delay. The delay of only one 
Selected path is changed at a time. Using the minimization 
results the delays of the other paths (73-77) remain 
unchanged. The minimization results establish the delay 
with the minimized result at most equal to the results for 
other delayS. This delay is used as the constant value of the 
path (73-77) when the delays of the other paths are 
searched. The method provides the delays of all the paths 
(73-77) of all users simultaneously without information on 
user Symbols or attenuation coefficients of the channel. 
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DELAY ESTIMATION METHOD AND A 
RECEIVER 

FIELD OF THE INVENTION 

The invention relates to a delay estimation method used in 
a radio System comprising as a transmitter and a receiver at 
least one base Station and a Subscriber terminal, in which 
System Signals comprise waveforms and wherein a received 
or preprocessed signal is Sampled and wherein the mutual 
delays are estimated from the received signals, which origi 
nate from one or Several transmitters and which have 
propagated typically along Several paths. 

The invention also relates to a receiver arranged to be 
used in a radio System comprising as transmitters and 
receivers at least one base Station and a Subscriber terminal 
having Signals that contain waveforms, in which System a 
receiver is arranged to Sample a received or preprocessed 
Signal and to estimate the mutual delays from the Signals, 
which originate from one or Several transmitters and which 
are typically multipath Signals that have propagated along 
Several paths. 

BACKGROUND OF THE INVENTION 

In a radio System, after a signal has left the transmitter it 
is Scattered into Several parts as it propagates and therefore 
Several copies of the same signal arrive at the receiver at 
Slightly different times, Since the copies have propagated at 
the same Speed along different paths. The Signal Scattering 
Varies depending on the environment, for example 
mountains, countryside, Suburbs, city centre etc. The greater 
the Scattering caused by the environment, the more paths are 
required for modelling one Signal. 
One of the central problems in designing and implement 

ing data transmission Systems is the Simultaneous transmis 
Sion and reception of Signals of Several Simultaneous users 
So that the Signals interfere with one another as little as 
possible. For this reason and due to the transmission capac 
ity used, Several different transmission protocols and mul 
tiple acceSS methods, Such as the code division multiple 
access (CDMA) method, have been developed. 
CODMA is a multiple access method that is based on the 

Spread spectrum technique and that has been recently 
applied in cellular radio Systems in addition to the prior 
FMDA (frequency division multiple access) and TDMA 
(time division multiple access). CDMA has several advan 
tages compared to the prior methods, Such as simplicity of 
the frequency planning and Spectral efficiency. In the 
following, the invention will be described when applied by 
way of example in a direct spreading CDMA system. The 
application of the invention to other Systems, Such as a 
digital car radio, is also possible. 

In the direct spreading CDMA method, a narrow-band 
data Signal of a user is multiplied to a relatively broadband 
with a spreading code having a considerably broader band 
than the data Signal. Bandwidths used in known test Systems 
include 1.25 MHz, 10 MHZ and 25 MHz. In connection with 
multiplying, the data Signal spreads to the entire band to be 
used. All users transmit simultaneously by using the same 
frequency band. A separate spreading code is used over each 
connection between the base Station and a mobile Station, 
and the user Signals can be distinguished from one another 
at the receivers on the basis of the spreading code of each 
user. The spreading codes are preferably Selected in Such a 
way that they are mutually Substantially orthogonal, i.e. they 
correlate with one another as little as possible. 

Correlators provided in CDMA receivers implemented in 
a conventional manner are Synchronized with a desired 
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2 
Signal that is identified on the basis of the spreading code. 
The data Signal is restored in the receiver to the original band 
by multiplying it again with the same spreading code that 
was used during the transmission. The Signals that have been 
multiplied with Some other spreading code do not ideally 
correlate and are thus not restored to the narrow band. 
Therefore they appear as noise for the detected Signal. The 
Scattering of the Signals into a multipath Signal and the 
Signals of the other users complicate the detection of the 
desired signal by distorting the received signal. 
The detection of the user symbols is possible when the 

connection between the transmitter and the receiver is 
Synchronised, i.e. the Signal delay is known. A prior art 
method is to use a conventional one-user delay estimator. 
This method works well only when certain boundary con 
ditions apply, and Since the implementation is simple its 
capacity is also insufficient. Successful Synchronization 
typically requires advance information on the user Symbols 
and the complex attenuation coefficients of the channel. 
Especially in asynchronous Systems, i.e. Systems where the 
Signals of the users are not mutually Synchronised, reliable 
Signal reception is difficult Since the user Symbols are 
disturbed by several symbols of the other users. Filters 
adapted to Spreading codes and sliding correlators used as 
detectors in conventional receivers are not effective, how 
ever. More effective known methods include multiuser 
detectors, e.g. a decorrelating detector that eliminates mul 
tiple access interference from the received signal by multi 
plying it with the cross-correlation matrix of the spreading 
codes used. A decorrelating detector and the known imple 
mentations thereof are described in greater detail in Linear 
multiuser detectors for Synchronous code-division multiple 
access channels by Verdu Lupas, IEEE Transactions on 
Information Theory, vol 35, no. 1, pp 123-136, January 
1989, and Near-far resistance of multiuser detectors in 
asynchronous channels, by Verdu Lupas, IEEE Transactions 
on Communications, vol 38, April 1990, which are incor 
porated herein by reference. 

CHARACTERISTICS OF THE INVENTION 

The purpose of the present invention is to provide a delay 
estimation method wherein delay estimates are formed 
Simultaneously for all users and paths before the detection of 
user Symbols and without information about the properties 
of the channel. 

This is achieved with a method of the type disclosed in the 
preamble, characterized by determining the paths to be 
estimated, determining the code bank model to be used 
which contains information on the waveforms used, Select 
ing one of the determined paths at a time for estimation, and 
with respect to these paths, Solving the least Squares mini 
mization problem between the received signal and the code 
bank model Such that the delay of only one Selected path is 
changed at a time within the desired Search interval while the 
delays of the other paths remain unchanged, So that delay 
Specific minimization results are formed, Searching for a 
delay which corresponds to the minimization results and for 
which the minimized result is Smaller than or equal to the 
results for the other delays of the same path, Storing Said 
delay which is the delay estimate that was Searched for, and 
utilizing Said delay as a constant value of Said path when the 
delays of the other paths are Searched for. 
The receiver according to the invention is characterized in 

that the receiver comprises path model means, code bank 
model means and delay means, Said delay means are 
arranged to receive a signal, information on the paths to be 
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estimated from the path model means, and the code bank 
model from the code bank model means, Said delay means 
are also arranged to carry out the following delay estimation 
procedures Specifically for each path: Solving the least 
Squares minimization problem between the received signal 
and the code bank model of the code bank model means in 
order to provide minimization results, in which minimiza 
tion problem the delays of only one path at a time are to be 
changed while the delays of the other paths remain 
unchanged, Searching for a delay for which the minimization 
result is Smaller than or equal to the results for the other 
delays of the same path, and Storing Said delay which is the 
delay estimate that was Searched for, and using Said delay as 
a constant value when the delays of the other paths are 
Searched for. 

The method according to the invention and the receiver 
applying the method provide considerable advantages. The 
delays of all the paths of all the users can be taken into 
account Simultaneously. It is not necessary to know the user 
Symbols and the complex attenuation coefficients of the 
channel when the delay estimates are formed. Also, known 
parameters can be taken into account and combined with the 
method. 

DESCRIPTION OF THE DRAWINGS 

In the following, the invention will be described in greater 
detail with reference to the examples according to the 
accompanying drawings, in which 

FIG. 1 shows a two-dimensional delay Space, 
FIG. 2 shows a delay Space and a correct delay location, 
FIG. 3 shows the value of g with different delays as a 

function of the Spreading code of one path, 
FIG. 4 shows a minimizing vector Z and g with different 

delayS, 

FIG. 5 shows a typical receiver structure, and 
FIG. 6 shows a radio system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The arrangement according to the invention can be 
applied especially in a CDMA System or in a digital car radio 
System without restricting the invention thereto, however. 
Examples of other Systems where the invention can be 
applied include FDMA and TDMA systems, for example. 

Examine now the arrangement according to the invention, 
applied mainly in a CDMA System. In the arrangement 
according to the invention, a Signal that has been received 
and possibly preprocessed in Some manner is Sampled. The 
preprocessing may consist, for example, of analogous or 
digital filtration. The received Sampled Signal is examined 
during an observation interval extending over at least one 
data Symbol, and the estimation of the received delayS is 
carried out on the basis of this examination. 

The reception method according to the invention can be 
applied in both a Synchronous and an asynchronous System. 
The method is applicable for use regardless of the number of 
users or the number of the multipath-propagated Signal 
components of each user. 
The received asynchronous CDMA signal r(t) is generally 

of the form 
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r(t) =X X Xakinbins (t-mT-dun) + n(); 
(1) 

wherein C, is complex channel attenuation, b, is a user 
bit or bit combination, S(t) is the spreading code sequence/ 
waveform of the user, d is a delay caused by 
asynchronicity, n(t) is noise and T is a Symbol period. The 
number of the users K(t) is a function changing with time, 
M(k) is the number of the symbols to be transmitted and 
L(t,k) is the number of the received signal components that 
is dependent on time and the user, i.e. L(t,k) corresponds to 
the paths along which the signals have propagated. L(t,k) is 
a function of time since the number of the multipath 
propagated Signal components for different users varies in 
time. The same equation (1) can also be given in a matrix 
form 

r=SAb+n, (2) 

wherein b=(b), A=diag(a) is a diagonal matrix wherein 
a=(C), n is a noise term, and S is the matrix of the 
Spreading codes, i.e. a code bank model that is parametrized 
with a delay vector d=(d1,d2, ... dp). It turns out that the 
delays d can be estimated by means of the following double 
minimization function: 

d=arg min(min.r-Sa) (3) 

Least Squares minimization with respect to variable Z, can 
be carried out with any least Squares method, which is 
described in greater detail in Numerical Methods for Least 
Squares Problems by Ake Björck, SIAM, Philadelphia, 
USA, 1996, which is incorporated herein by reference. 
Especially the HesteneSS-Stiefel conjugate gradient method 
is advantageous in this case Since it converges rapidly 
towards the Solution. The HesteneSS-Stiefel conjugate gra 
dient method is described in greater detail in Introduction to 
Numerical Analysis, by J. Stoer and R. Bulirsch, Springer 
Verlag, 1983, pp 572-576, which is incorporated herein by 
reference. The minimization with respect to the delayS 
d=(d1,d2, . . . dp) is carried out by examining the delay 
alternatives dk=0, 1, ... (length of the sample sequence-1) 
of one path at a time and by Selecting the minimizing delay. 
A typical algorithm for Solving a problem that is specific 

for a certain System is for example as follows: 
Let Abe the index set of all the predetermined paths of all 

the users, A={1,2,...,p}, and assign d=(d1,d2, ... 
dp), which is originally d=0. Let S be the code bank 
model used, corresponding to the delayS d. 

1) Selecting one path, Such as k, from the set of paths A, 
2) Solving the following least Squares problem for each j=0, 

1, 2, . . . , cl-1 
miner-S2=g(j), 

wherein d=(d1,d2, ..., dk, ..., dp), dk =(1+dk) mod cle, 
and dk is the original delay of the path k, 

3) Finding j, having the property that g()2g() for all j=0, 
1, 2, . . . , cl-1, and assigning dk=(i+dk) mod cl, 

4) Going through all the paths of A. 
In the algorithm, cl, refers to the length of the Signal 

sample sequence of the k" path since the signal is sampled 
at the Sampling frequency. In the CDMA System, the path 
model determines the number of the paths of one spreading 
code, for example. The nonsimultaneity of the Signal com 
ponents that have propagated along different paths is moni 
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tored by means of the delays, which are to be estimated for 
each path in the path model. The code bank model deter 
mines the spreading codes to be used and their behaviour, for 
example their periodicity/non-periodicity. The code bank 
model also contains information on how the Spreading code 
models the Scattered Signal that has propagated along the 
paths. In Such a case, it is possible to model the multipath 
propagation of one code even though the CDMA signal 
contained Several different spreading codes with their paths. 
The path can also be modelled with an incomplete Signal 
model, i.e. parts of the code bank model can be left out. 

The algorithm from Step 1 to Step 4 is carried out at least 
once so that in the iteration following the first time the 
delays d are given the values of the delays of the previous 
iteration round. When the algorithm is carried out once, the 
minimums of the Strongest paths are found from the delay 
Space during the execution of the minimization function. On 
the other hand, if the path is weak it is not necessarily 
located immediately, but when the algorithm is repeated it is 
also possible to find the weakest paths. So that the required 
delays of the predetermined paths can be estimated. 

The least Squares Solution can be estimated preferably 
with the HesteneSS-Stiefel conjugate gradient algorithm 
(HS-CG algorithm) or the like. The conjugate gradient 
algorithm utilizes the results of the preceding or n' iteration 
round for the iteration (n+1). Otherwise the initial values of 
the HS-CH algorithm are Zero. The spreading code is 
preferably the Gold code or the like. 

Examine in greater detail the application of the method 
according to the invention to a radio System. ACDMA signal 
typically comprises Several Spreading codes on the same 
band and the Signal generated by each spreading code may 
be scattered. The delays are to be estimated for the Scattered 
Signals corresponding to each spreading code. The code 
bank is used to model the manner of Scattering and the 
properties of the Spreading codes used, which are deter 
mined separately for each System. It should be emphasized 
Specifically that the code bank model may be incomplete, i.e. 
it is not necessary that it includes at the same time all the 
spreading codes of the CDMA signal, but there may be for 
example only one spreading code and that may even be 
modelled in an incomplete manner. In other words, Several 
different code bank models can be applied to the same 
CDMA signal from a perfect model to a model containing 
only one spreading code. In addition to the spreading codes, 
the delays and the path model also affect the structure of the 
code bank model. 

The path model used determines how many paths the code 
bank contains for each spreading code, and the different 
Spreading codes may have a different number of paths. The 
delay algorithm is given in a path-Specific form: the delayS 
are located Separately for each path according to the total 
number of paths, and the Spreading code or a part thereof 
required by the path model is used in connection with each 
path. 

The code bank model and the path model to be used are 
selected for the received CDMA signal. Only the delays of 
the paths corresponding to the spreading codes in the code 
bank model are estimated. At the beginning, the delays of all 
the paths are Set to Zero unless more accurate information on 
the delay values is available. The delays are thereafter 
located path by path by shifting the delay of the path under 
examination from the initial value with one delay Step at a 
time until all the desired delay values of the path have been 
examined and the least squares problem between the CDMA 
Signal and the code bank model is Solved for each delay 
under examination, The delay that corresponds to the value 
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6 
of the least Square is assigned as the delay of the path. The 
delays of the paths other than the one under examination are 
kept constant, in other words only the delay of the path under 
examination is changed. All the paths are Subjected to the 
aforementioned operation and preferably all the paths are 
examined at least once, and if the algorithm is carried out 
Several times in Succession the delays of the preceding round 
can be set as initial values for the next round. The above 
described algorithm can be changed Such that in the path 
model the delays of Some paths are considered known and 
therefore the delays of these paths are not Searched for when 
the algorithm is carried out. 

FIG. 1 illustrates how the delay search takes place in the 
delay Space. There are only two paths and the delay Space is 
therefore only two-dimensional. The delay of the path p is 
on the dx axis and the delay of the path p is on the dy axis. 
The search is carried out preferably such that the delays of 
all the other paths except one are kept at a predetermined 
value. In Such a case, the value of this one path, in this case 
p, is changed with respect to the delays of the other paths, 
in this case p. Let the fixed delay of the path p be da. In 
Such a case, the Search through the delay Space is started for 
example from the delay db=0 of the path p, and the process 
proceeds upwards in the figure until the other end of the code 
corresponding to path p is reached. The important factor is 
not the Starting and ending points but only the fact that the 
desired Search area is examined by means of the algorithm. 
The minimums formed in Step 2 of the algorithm correspond 
to kind of correlation where the Smallest Value corresponds 
to the best correlation. The Smallest one of these minimums 
is Selected in Step 3 of the algorithm. In Such a case, over the 
distance from the beginning to the end of the spreading code 
of path p, the minimization function obtains its Smallest 
value with respect to the delay, i.e. this value is in the point 
db=dbmin. In a preferred embodiment of the invention, the 
movement in the delay Space takes place only in the direc 
tion of the coordinate axes of the Space, So that the function 
can be solved far more rapidly. If there are altogether 100 
paths p and the symbol length m is 200, m'=200" points 
must be examined in order to Solve the function in the 
general form. When the movement takes place only in the 
direction of the coordinate axes of the delay Space, the 
number of the points obtained is substantially less than 
previously, i.e. mp=200* 100=20000. 

FIG. 2 shows a two-dimensional delay Space and the 
behavior of function g related to the minimization problem 
in a three-dimensional manner with different delay combi 
nations. Function g obtains Small values Zonally on the 
Surface formed by the delay axes dx and dy. Examine the 
Search for the delay of path p, For example starting from the 
point dxa in the direction of delay axis dy leads to a point 
dbmin=23 containing a lower Zone typically along the width 
of two chips. When this Zone has been located, the delay for 
the spreading code of this path is Stored and it is thus 
possible to locate the Zone of the Smallest value of path p 
in the direction of the delay axis dx, which value is found in 
the point damin 22. Therefore, the minimum value of 
function g for the paths p and p is found from the point 
(dmin, dimin)=(22, 23), which also constitutes the Solution 
to the minimization function in Step 3 of the algorithm. 
Typically one minimum point (dmin, dimin) of function g 
is dominant and the other points in the delay Space obtain far 
greater values. However, it is usually useful to Search for 
more delays of the signal paths. The CDMA system typically 
utilizes a band of 1.25 MHz, for example, and it enables 
preferably the use of three paths for one spreading code. 
More paths can be utilized on a greater frequency band. 
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FIG.3 shows in greater detail the values minr-Sz=g(j) 
with different delays. These values represent kind of corre 
lation between the spreading codes of different paths. In the 
figure, the value of g is on the y axis and the path spreading 
code is on the X axis with the Sampling accuracy. The value 
g obtains its minimum when the Signal density function 
obtains its path-Specific maximum value. 

FIG. 4 shows the vector Z minimizing the least Square, and 
the values g with different delays. When the delay of the 
Spreading code is altered, the minimizing vectors Z, Z and 
Z change and the corresponding minimum values are 
shifted to different points, for example g(d), g(d), g(d). In 
Such a manner, a minimizing vector and a minimum must be 
calculated Separately for each path and delay in Step 2 of the 
algorithm. The matrix S is determined directly by means of 
the path model, the code bank model and the delays, and it 
models the paths of the Spreading codes with the delayS, 

In a multidimensional delay Space, it is also possible that 
an exact delay estimate d is known for certain paths, in 
which case no minimization according to Step 2 of the 
inventive algorithm is carried out for the delay axis in 
question. 

FIG. 5 shows a typical receiver structure. The receiver 
comprises an antenna 60, radio-frequency means 61, detec 
tion means 62, delay means 64, path model means 63, code 
bank model means 65 and control means 66. Examine in 
greater detail the operation of the receiver according to the 
invention. The antenna 60 receives signals and the frequency 
thereof is converted into an intermediate frequency in the 
radio-frequency means 61 for example by multiplying the 
received signals with the frequency of the local oscillator 
and by deleting high frequencies through low-pass filtration. 
This intermediate-frequency signal propagates both to the 
detection 62 and to the delay means 64. In the detection 62, 
the intermediate-frequency Signal is first converted into a 
digital Signal in order to facilitate the detection and it is 
processed with digital Signal-processing means. In Such a 
case, the Signal is for example demodulated and the trans 
mitted bits are detected and, depending on the receiver, the 
detected bits are transmitted to the user or to other parts of 
the network. The delay means 64 in turn form delays 
according to the paths for different Spreading codes by 
means of the method according to the invention, and the 
detector 62 utilizes the delays for example when it combines 
the multipath Signals that have arrived along different paths. 
In multipath reception, the most common diversity receivers 
combine the Signals before or after the detection and they 
include for example Selective combining, maximal-ratio 
combining and equal-gain combining. The multipath Signals 
are usually detected by means of Viterbi detection, in which 
case the Signals are combined after the detection. However, 
it is most preferable to combine the Signals before the 
detection Since greater Signal amplification is obtained in 
this manner. The delay means 64 utilize the information of 
the code bank model means 65 and the path model means 63 
that are specific for each System. The contents of the path 
model means 63 are also dependent on the environment. For 
example in a city, the contents of the path model means 63 
should be different from that in the countryside. The path 
model typically refers to the number of paths per spreading 
code. The code bank model means 65 contain data on the 
Spreading codes used, the manner of Scattering and the 
possible periods of the codes, and on how each path is 
modelled. The contents of both the code bank model means 
and the path model means can be changed according to the 
Situation, environment and needs. The control means 66 
control the operation of the receiver. 
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The receiver can be implemented by utilizing components 

and parts that are commonly used in radio Systems. The 
antenna 60 is a conventional prior art antenna containing one 
or Several components. The radio-frequency means 61 com 
prise conventional radio-frequency electronics. The digital 
Signal-processing means 62 to 66 can be implemented with 
ASICs or VLSI circuits the operation or operation control of 
which is realized for example by means of Software with 
microprocessor technology. 

FIG. 6 shows a typical radio System comprising a base 
station 70, Subscriber terminals 71 and 72 and multipath 
signals on different paths 73 to 77. The base station 70 is 
connected to another network Subsystem of the radio System 
(not shown in the figure). The network Subsystem comprises 
for example at least one base Station controller and a mobile 
Services Switching centre that is connected to other Switch 
ing centres and other telephone Systems or the like. The base 
station 70 and the subscriber terminals 71 and 72 comprise 
at least one transmitter and receiver. The Subscriber termi 
nals 71 and 72 are typically mobile phones that are used by 
Subscribers or users. The bidirectional arrows in FIG. 6 
mean that the Subscriber terminals 71 and 72 and the base 
station 70 communicate via a bidirectional connection. In 
Such a case, a signal from Subscriber terminal 71, for 
example, may propagate along three different paths 75 to 77 
to the base station 70. The different components of this 
signal that has propagated along three paths 75 to 77 
probably have different delays at the base station 70 due to 
the different lengths of travel. In the method according to the 
invention, the delays of all the paths 73 to 77 of the signals 
of all the users 71 and 72 are thus formed simultaneously in 
the receiver of the base station 70 before the receiver 70 has 
information on the channel properties or the contents of the 
user Signals. 

In the method according to the invention, one user may 
employ Several spreading codes that are of different length 
and that recur for example periodically or change constantly. 
The method according to the invention is also applicable 

to radio Systems other than those utilizing an actual spread 
ing code. The Spreading code is only one example of a signal 
waveform that represents a unit to which is added coded 
information formed of bits or bit combinations. In the 
CDMA System, a spreading code assumes the function of the 
waveform, whereas the TDMA system employs four differ 
ent waveform alternatives. The waveforms are specific for 
each System. The method according to the invention is not 
dependent on the radio System, but it is essential in the 
method to know the waveforms used for the data transmis 
Sion. AS is well known, in digital data transmission the used 
waveforms and the manner in which they are used are 
known. 

In the preferred embodiment of the invention, the different 
paths can be estimated Simultaneously in parallel processes 
So that the estimation can be expedited. The estimation can 
also be expedited by determining that the delays between at 
least Some paths are constant, in which case the determina 
tion of the delay of one path makes it possible to model the 
delays of all these paths and the delays of these paths are 
thus changed Simultaneously in the Search. 
Even though the invention is described above with refer 

ence to the example according to the accompanying 
drawings, it is clear that the invention is not restricted 
thereto but it can be modified in several ways within the 
Scope of the inventive idea disclosed in the appended claims. 
What is claimed is: 
1. A delay estimation method used in a radio System 

comprising as a transmitter and a receiver at least one base 
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Station and a Subscriber terminal, in which System signals 
comprise waveforms and wherein a received or prepro 
cessed signal is Sampled at a Sampling frequency and 
wherein the mutual delays are estimated from the received 
Signals, which originate from one or Several transmitters and 
which have propagated typically along Several paths, com 
prising the Steps of 

determining the paths on which the delays are to be 
estimated, 

determining a code bank model to be used which contains 
information on the waveforms used, 

Selecting one of the determined paths at a time for delay 
estimation, and 

with respect to these paths, 
Searching for delay estimates by Solving the least Squares 

minimization problem between the received signal and 
the code bank model Such that the delay of only one 
Selected path is changed at a time within a desired 
search interval while the delays of the other paths 
remain unchanged, So that delay Specific minimization 
results are formed from Said Solving of the least Squares 
minimization problem, 

Storing the delay estimate for the path that was Searched 
for, and 

utilizing Said delay estimate as a constant value of Said 
path when Searching for the delays of the other paths. 

2. A method according to claim 1, wherein the Step of 
Searching for delay estimates is carried out at least twice, 
and the delays estimated during the first carrying out of the 
Search are utilized during the Second carrying out of the 
Search. 

3. A method according to claim 1, wherein the step of 
Solving the least Squares minimization problem between the 
received signal and the code bank model is carried out by 
means of the Hestenes-Stiefel conjugate gradient algorithm. 

4. A method according to claim 1, wherein the delays of 
the different paths are determined with the accuracy of the 
interval of the Sampling frequency. 

5. A method according to claim 1, wherein when the 
delays of Some paths are known, only the unknown delayS 
of the paths are estimated. 

6. A method according to claim 1, wherein when the radio 
System is a CDMA System or a like System having a 
Spreading code, and when the spreading code corresponds to 
the waveform, the Gold code is used as the spreading code. 

7. A method according to claim 1, further comprising the 
Step of providing a path model and wherein a model that can 
be changed is used as the path model. 

8. A method according to claim 1, wherein a model that 
can be changed is used as the code bank model. 

9. A receiver arranged to be used in a radio System 
comprising as transmitters and receivers at least one base 
Station and a Subscriber terminal having Signals that contain 
waveforms, in which System a receiver is arranged to Sample 
at a Sampling ferquency a received or preprocessed signal 
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10 
and to estimate the mutual delays from the Signals which 
originate from one or Several transmitters and which are 
typically multipath Signals that have propagated along Sev 
eral paths, wherein the receiver comprises: 
means for providing a path model, 
means for providing a code bank model, and 
means for determining a delay, 
Said delay means being arranged to receive: 

a signal, 
information on the paths to be estimated from the path 
model means, and 

the code bank model from the code bank model means, 
Said delay means also comprising means, arranged to 

carry out the following delay estimation procedures 
Specifically for each path, comprising: 
means for Solving the least Squares minimization prob 

lem between the received signal and the code bank 
model of the code bank model means in order to 
provide minimization results, in which minimization 
problem the delays of only one path at a time are to 
be changed while the delays of the other paths 
remain unchanged, 

means for Searching for a delay for which the minimi 
Zation 

result is Smaller than or equal to the results for the other 
delays of the same path, and 

means for Storing Said delay which is the delay estimate 
that was Searched for, and using Said delay as a 
constant value when Searching for the delays of the 
other paths. 

10. A receiver according to claim 9, wherein the delay 
means are arranged to carry out the delay estimation method 
at least twice, in which case the delays estimated during the 
first carrying out of the method are utilized during the 
Second carrying out of the method. 

11. A receiver according to claim 9, wherein the delay 
means are arranged to use the Hestenes-Stiefel conjugate 
gradient algorithm to Solve the least Squares minimization 
problem between the received signal and the code bank 
model. 

12. A receiver according to claim 9, wherein the delay 
means are arranged to determine the delays of the paths with 
an accuracy enabled by the Sampling frequency. 

13. A receiver according to claim 9, wherein, when the 
delays of Some paths are known, the delay means are 
arranged to determine only the unknown delays of the paths. 

14. A receiver according to claim 9, wherein the path 
model of the path model means can be changed. 

15. A receiver according to claim 9, wherein the code 
bank model of the code bank model means can be changed. 

16. A receiver according to claim 9, wherein, when the 
radio System is a CDMA System or a like System having a 
Spreading code, the delay means are arranged to operate 
when the Gold code is used as the spreading code. 
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